In this note we present a simplified proof of a lower bound for on-line bin packing. This proof also covers the well-known result given by Liang in Inform. Process Lett. 10 (1980) 76-79. 
Introduction
The one-dimensional bin packing problem can be described as follows: given a list L=(a,,..., a,) of items with size O<s(a;) s 1 and an infinite supply of unitcapacity bins, place the items of the list L into the minimal number of bins so that the sum of the sizes in each bin is at most equal to one. Since this problem is NPcomplete (cf. [3] ) various heuristics have been studied. In this note we will only consider heuristics which pack the items one at a time in the order given by the list L and once packed, these items can never be moved again. These heuristics are called on-line and to measure their worst-case performance we introduce the following notations. co Liang (cf. [5] ) presented an up to now best known lower bound for R,"(l) for online heuristics which was generalized in [2] to the parametric case, i.e., r? 1. In the next section we give a simplified proof of both results.
A short proof
To review the result by Liang and Galambos we need the following sequence tr(r) = r+ 1, t2(r) = r+2, (1) t;, 1(r) = ti(r)(tj(r) -1) + 1, i2 2 with r-2 1 some fixed integer.
Observe this sequence also appears in the analysis of the worst-case behaviour of the Next Fit Decreasing heuristic (cf. [l] ) and of the Harmonic Fit heuristic for r= 1 (cf. [4] ). In the paper by Liang (r = 1) a different notation for this sequence is used. This author uses the sequence mi, i20. However, it is easy to verify that ti+r(l) = mi+ 1, iz0. The main result proved by the above authors is listed in the next theorem.
Theorem 1 (cf. [2, 5] 
Observe for r= 1 these sublists reduce to the sublists used by Liang and as in [5] an intuitive justification can be given for the above lists by generalizing and refining to the parametric case earlier results of Yao (cf. [6] ). For the lists displayed in (2) and (3) it follows (cf. In (4) the superscript k in LJ is deleted and this will also be done in the remainder of the proof. The first part of this simplified proof uses only simple counting arguments and does not depend on the specific structure of the chosen sublists. In this part the following notation is introduced for convenience. 
This concludes the first part of the proof. In the remainder we use the properties of the chosen list Lk .f. L,.
(tk+ 109 -lW~(r), if j= 1.
Hence by summing (8) and applying (7) (10) 
